Introduction: Beta-hemolytic streptococci (βHS) cause a diverse array of human infections. Despite the high number of cases of streptococcal carriers and diseases, studies discerning the molecular epidemiology of βHS in India are limited. This study reports the molecular and clinical epidemiology of beta-hemolytic streptococcal infections from two geographically distinct regions of India. Methodology: A total of 186 isolates of βHS from north and south India were included. The isolates were identified to species level and subjected to antimicrobial susceptibility testing. Polymerase chain reaction (PCR) was done to detect exotoxin genes, and emm types of group A streptococci (GAS) strains were ascertained by sequencing. Results: GAS was the most common isolate (71.5%), followed by group G streptococci (GGS) (21%). A large proportion of GAS produced speB (97%), smeZ (89%), speF (91%), and speG (84%). SmeZ was produced by 21% and 50% of GGS and GGS, respectively. A total of 45 different emm types/subtypes were seen in GAS, with emm 11 being the most common. Resistance to tetracycline (73%) and erythromycin (34.5%) was commonly seen in GAS. Conclusions: A high diversity of emm types was seen in Indian GAS isolates with high macrolide and tetracycline resistance. SpeA was less commonly seen in Indian GAS isolates. There was no association between disease severity and exotoxin gene production.
Introduction
Beta-hemolytic streptococci (βHS) are known to cause a diverse set of clinical presentations. Group A streptococci (GAS) constitute the most important and prevalent members of this group, causing clinical syndromes ranging from self-limited pharyngitis and impetigo to potentially life-threatening toxic shock syndrome [1] . Invasive GAS infections have increased worldwide in the recent past, despite the organism remaining sensitive to penicillin and other commonly used beta-lactam antibiotics. Group B streptococci (GBS) are a leading cause of infections in neonates and pregnant women and also cause invasive diseases in children and non-pregnant adults. Group C (GCS) and group G (GGS) streptococci (together known as GCGS) are usually commensals of the pharynx, skin, gastrointestinal tract, and female genital tract. Large colony phenotypes of GCGS are usually associated with human infections and are classified in the same subspecies, Streptococcus dysgalactiae subsp. Equisimilis subsp. Nov (SDSE) [2] , whereas the small colony forming species are placed in the Streptococcus anginosus group (SAG, formerly known as Streptococcus milleri) and are less common causes of invasive infections [3] . The SDSE group is gaining importance because the clinical spectrum of diseases caused by them closely resembles S. pyogenes infections.
Among the many factors involved in the pathogenesis of GAS, the exotoxins (superantigens) and M proteins are the most important. The toxins secreted by S. pyogenes are antigenically distinct extracellular products and include speA, speB, speC, speG, speH, speI, speK, speJ, speF, speL, smeZ, and ssa [4] . These toxins are associated with various immunological and cytotoxic effects. Most of the strains associated with invasive streptococcal infections are reported to carry speA.
The emm gene of GAS encodes its major virulence factor, the M protein. It shows marked variability in its hypervariable region, accounting for its diversity, which forms the basis for emm typing [1, 5] . Sequence analysis of the emm gene is an important surveillance tool for understanding the dynamics of local transmission of GAS. The distribution of emm types shows tremendous geographic variation. Thus, it is essential to know the emm-type distribution of different patient populations in various parts of the same country. This would enable understanding of the local epidemiology and the formulation of indigenous vaccines. In India, compared to the disease burden [6] , relatively few studies have been conducted on the overall profile of beta-hemolytic streptococcal infections, the distribution of emm types, and the presence of exotoxins. Since India has tremendous ethnic and geographic diversity, studies encompassing different regions of the country would give more meaningful epidemiological information.
We therefore conducted this study to ascertain the clinical and molecular epidemiology of streptococcal infections from two geographically distinct areas (north and south) of India. We also wanted to ascertain if there is any correlation between exotoxin profile and the relatively low reported prevalence of invasive streptococcal infections in India, which has a high number of cases and carriers of streptococcal pharyngitis.
Methodology
The study was conducted at the Microbiology Laboratory of the level 1 Jai Prakash Narayan Apex (JPNA) Trauma Center -which contains 165 beds -of the All India Institute of Medical Sciences (AIIMS), New Delhi, a 2,000-bed tertiary care hospital in India. The βHS included in this study were recovered from clinical samples from different hospitals and communities of India, as detailed below.
βHS recovered from trauma patients in north India
All the βHS (n = 85) recovered over a period of three years (between April 2009 and March 2012) from various clinical samples of patients admitted to the Trauma Centre, AIIMS, and from those presenting to its follow-up outpatient department (OPD), were included in the study. A detailed clinical history was recorded for all these patients and post-treatment follow-up was done. A throat swab was taken from all the patients whose cultures yielded βHS from any sample other than throat to look for colonization. A repeat sample was also taken from the site of primary isolation after five days of appropriate antimicrobial treatment to look for a microbiological cure. 
βHS recovered from a south Indian hospital
All βHS (n = 23) recovered from various clinical samples between June 2010 and March 2012 at the microbiology laboratory of Yashoda hospital, Secunderabad (situated in southeast India, with 500 beds) were included in the study. A detailed history of all patients was taken and clinic-microbiological follow-up was done similar to the trauma center patients.
βHS recovered from AIIMS hospital, north India
All βHS isolated at the microbiology laboratory of the AIIMS hospital (bed strength, 2,000) from pus samples between 2005 and 2009 (n = 64) were preserved for further studies. These isolates were also included in the present study. However, detailed histories of these patients was not available.
The study was approved by the institute's ethical committee.
All the isolates of βHS were identified by standard microbiological methods [7] . The confirmation of identity was done using the Vitek 2 identification cards (bioMérieux, Marcy l'Etoile, France). Grouping of the streptococci was performed using an agglutination test (HiMedia Labs, Mumbai, India) according to the manufacturer's instructions. All the strains were stocked in stocking beads (Microbank, Pro-Lab Diagnostics, Richmond Hill, Canada) at 70°C until further analysis.
Antimicrobial susceptibility testing
The antimicrobial susceptibility testing of streptococci was performed using the disk diffusion method on Mueller Hinton agar with 5% sheep's blood according to the recommendations of the CLSI [8, 9] . The following antibiotics were tested: penicillin G, ampicillin vancomycin, erythromycin, clindamycin, cefotaxime, ceftriaxone, linezolid, teichoplanin, ciprofloxacin, levofloxacin, tetracycline, and chloramphenicol. S. pneumoniae ATCC 49619 was used as a control. The minimum inhibitory concentration (MIC) was also determined by the E-test for all the above antimicrobials; the test was performed according to manufacturer's recommendations (bioMérieux, Marcy l'Etoile, France).
Detection of virulence genes
Exotoxin genes, including speA, speB, speC, speF, smeZ, ssa, speG, speH, speJ, speL, speM, and speI were detected by PCR using published primers [10, 11] . Amplification of all the genes was performed with an initial five-minute denaturation at 94°C, followed by 30 cycles of denaturation at 94°C for 30 seconds, 30 seconds of annealing at temperatures standardized in the laboratory for each gene, and 60 seconds of extension at 72°C, with a final extension step at 72°C for seven minutes.
Emm typing of S. pyogenes
The emm types of isolates of S. pyogenes were determined by sequencing the variable 5' end of emm gene after amplification by PCR. For this, the DNA preparation of GAS strains was performed as described by the United States Centers for Disease Control and Prevention (CDC). The amplification of the emm gene and sequencing was performed as per the published protocol [12] . Amplification of the emm genes was performed by the all M primer having the following sequence:
Forward primer 5'-GGG GGG GGA TCC ATA AGG AGC ATA AAA ATG GCT-3'; reverse primer: 5'-GGG GGG GAA TTC AGC TTA GTT TTC TTC TTT GCG-3'.
The emm gene sequence was subjected to homology search by blast search analysis (http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi).
A comparison of the nucleotide homology for the first 200 bases of the hypervariable region was conducted. Strains that showed ≥95% homology with the reference strain were designated the particular parental emm type. Types and subtypes (based on variation in the type-specific region of the emm gene) were designated according to the information available on the CDC website (http://www.cdc.gov/ncidod/biotech/strep/doc.htm).
Results
During the study period, a total of 186 isolates of βHS were obtained from various clinical samples and places of study as detailed in the methodology. The distribution of various βHS from the different places of study and samples is shown in Table 1 . Repeated isolation of the same βHS from the same site was considered to be a single isolate. The sample-wise distribution of various groups of βHS is shown in Table 2 . Pus was the most common source of βHS in our study (142; 76%). Clinical profile of patients Of the 186 isolates of βHS included in the study, a total of 64 (34%) represented preserved strains from pus samples over a period of five years (the detailed history of these patients was unavailable), and 29 (15.5%) isolates were recovered from throat swabs or sputum of patients suffering from acute pharyngitis. The remaining 93 βHS were recovered from various invasive infections (77 of these were recovered from various samples of trauma patients and 16 were from various clinical samples of patients admitted to Yashoda hospital). Of the 77 isolates from trauma patients, 70 (91%) were recovered from pus/tissue/graft samples. The primary sites of trauma from which βHS were recovered in these patients were lower limb (41; 59%), spine (9; 13%), head/scalp (7; 10%), abdomen (4; 6%), upper limbs (3; 4%), mandible and chest (2; 3% each), and vascular injury and pelvic trauma (1; 1% each).
Of these 93 patients, a total of five (5%) had a fatal outcome. Septicemia was the cause of death in all these patients. One of these patients had severe head injury and septicemia secondary to Ventilator associated pneumonia (VAP). GAS was isolated from his pus sample. Three patients had GGS isolated from their pus/abscess material, and all of them died due to septic shock. In one of them, GGS was isolated initially from pus aspirated from a para-aortic abscess and later from blood. One patient had septicemia due to GFS following a decompressive craniectomy.
Throat colonization as probable source of infection
Throat swabs were taken from all patients who had positive βHS cultures from specimens other than throat. Three patients had the same βHS (GAS/GGS) from throat swabs. The strains of GAS from pus and throat (two patients) were identical in susceptibility, exotoxin profile, and emm types and were therefore considered to be the same strain. The strains of GGS from tracheal aspirate and throat (one patient) were also identical in susceptibility and exotoxin profile.
Beta-hemolytic streptococcal groups and species
GAS was the most common βHS (71.5%), followed by group G (21%) ( Table 2 ). All the 133 GAS were identified as S. pyogenes. Of the 39 GGS, 26 (67%) were identified as S. dysgalactiae, six (15%) as S. anginosus, four (10%) as S. dysgalactiae subsp.Equisimilis, and one (2.5%) each as S. porcinus, S. alactolyticus, and S. mitis. Of the six GCS, five (83%) were S. dysgalactiae, and one was S. dysgalactiae subsp.Equisimilis. One isolate each of GFS was identified as S. anginosus and S. constellatus. All the six isolates of GBS were identified as S. agalactiae.
Antimicrobial susceptibility of βHS
All isolates were sensitive to penicillin, ampicillin, vancomycin, cefotaxime, ceftriaxone, clindamycin, linezolid, teichoplanin, and levofloxacin. The MIC of penicillin ranged from 0.003 to 0.047 µg/mL (median MIC 0.008 µg/mL). A total of 97 (73%) of GAS were resistant tetetracycline, 46 (34.5%) to erythromycin, 18 (13.5%) to chloramphenicol, and 17 (13%) to ciprofloxacin. The MIC range for ciprofloxacin was 0.25 to > 32 µg/mL (median 0.75 µg/mL). The MIC of erythromycin ranged from 0.004 to > 256 µg/mL (median 0.064 µg/mL) and that of tetracycline ranged from 0.064 to 64 µg/mL (median 8 µg/mL). Of the 39 strains of GGS, resistance to erythromycin, ciprofloxacin, and tetracycline was seen in two (5%), four (10%), and eight (20.5%) strains, respectively. All the strains of GCS and GFS were resistant to tetracycline, and were sensitive to other agents. Among the GBS, three isolates (50%) were resistant to tetracycline, and one each to erythromycin, ciprofloxacin, and chloramphenicol.
Treatment and response
For the infections caused by βHS, the treatment consisted of debridement along with specific antimicrobials in 26 (28%) of the 93 patients who had invasive infections. Antimicrobials alone were given to 67 (72%) patients. Thus, all patients received antibiotics for their infections, singly or in combination. The antimicrobial regimen was guided by the antimicrobial susceptibility, prescription policy of the respective hospital/specialty, history of drug allergy, non-response to original regimen, and the clinical condition of the patient or any other concomitant infection. Thus, amoxicillin-clavulinic acid was administered to 38 (41%) patients, clindamycin to 32 (34%), cefuroxime to 29 (31%), amikacin to 11 (12%), cefotaxime and levofloxacin to 7 each (7.5% each), linezolid and cefoperazone to 3 each (3% each), vancomycin to 1 (1%), and erythromycin to 1 patient. In six patients, the posttreatment samples were also positive for the same βHS. However, all of them eventually recovered (by the third month of follow-up). Table 4 : Geographic and sample-wise break-up of GAS isolates with respect to exotoxin production *: A total of 16 from north and two from south India #: Refer to Table 2 @: A total of 13 strains were obtained from south India; two were from throat swabs, which have been included with the throat isolates (see *) Table 3 . The exotoxin gene profile of GAS from different samples and geographic origins is compared in Table 4 .
Five patients in our study died, three of whom had infections due to GGS (S. dysgalactiae and S. porcinus), and one each due to GAS and GFS (S. constellatus), respectively. The strain of GFS produced speI, speM, speG, and speH. However, all the strains of GGS were negative for all the 12 exotoxins tested. The fifth patient who died had GAS from pus samples along with other complications. This strain was typed as emm 28 and was positive for speB, smeZ, and speF.
Emm types of GAS
Sequencing of the emm gene was performed for a total of 126 GAS isolates. Emm 11 (14; 11%) was the most common, followed by emm 101 (10; 8%), emm 110 and 92 (8; 6% each), emm 4.5 (7; 5. Table 5 . The sequences have been recently submitted to NCBI's GenBank database. At the time of submission of this manuscript, one strain (emm12) had been assigned a GenBank Accession number (JQ726490).
Discussion
In this study, the βHS strains were isolated from community and hospitalized patients from north and south India, two regions with different ethnic and socio-cultural backgrounds. To our knowledge, this is the first study discerning the clinical-molecular epidemiology of invasive and non-invasive βHS from different regions of India. In our study, 15.5% of strains represented community isolates from patients with pharyngitis, and 12% were from a southeast Indian state that had not been represented in any such study from our country. GAS was the most common isolate in our study, although we found a high a proportion of GCGS. Similar observations had been made in a few other studies from south India [13] . The clinical presentation of GGS often mimics GAS, which needs to be considered when formulating a GAS vaccine. Since only a few laboratories identify GCGS to the species level, the actual prevalence of human SDSE and SAG infections in the Indian population may not be clear.
We found high rates of resistance in GAS to erythromycin and tetracycline, similar to reports from other parts of the world [14, 15] . This was higher than our previously reported rates from 1996-2000 [16] . We also observed a high rate of resistance to fluoroquinoles in GAS, which may necessitate reformulating therapeutic strategies for streptococcal infections. In our study, 21% and 10% of GGS were resistant to tetracycline and ciprofloxacin, respectively. Tetracycline no longer represents an option for their empirical treatment since resistance rates up to 60% and higher have been reported [17] .
The streptococcus pyrogenic exotoxins (SPEs) of GAS, especially speA, play an important role in the pathogenesis of invasive infections. A large proportion of GAS isolates in our study produced smeZ, speG, speB, and speF;relatively fewer produced speA (10%) and speC (24%). The speA, speC, and ssa are carried on mobile elements and are easily disseminated to other GAS. We did not find speA in any throat samples or in any samples from south India. However, 28% of strains from throat samples in our study carried speC. There was a statistically significant difference between the south and north Indian strains with respect to production of speH (p = 0.03). The statistical association was not very strong for the difference between north and south India for speC (p = 0.06) and speJ (p = 0.09). No statistically significant difference was found for speA (p = 0.5) and speI (p = 0.3), though none of the south Indian strains produced speA, speC, or speI. Although STSS is less commonly reported in India than in Western countries, toxigenic strains in the throat may serve as reservoirs for epidemic transmission and severe invasive infection. SmeZ was produced by 21% and 50% of GGS and GCS isolates, respectively. Genes encoding speA, speC, ssa, and smeZ have been reported in SDSE strains and are nearly identical to the S. pyogenes gene. In our present study, the SDSE isolates recovered from fatal cases of septicemia did not carry any streptococcal superantigens. Based on our and a few other reports [18] , it can be said that there is no clear-cut relationship between GCGS isolates harboring spe and disease severity, although this may be due to limited numbers of spe-positive isolates.
Our study found tremendous heterogeneity among GAS strains from north and south India, with 45 different types/subtypes. GAS vaccines are primarily based on using multiple M types to provide broad spectrum coverage. Hu et al. included 26 different M types in a multiple epitope formulation [19] , which has been predicted to provide protection against 85%-90% of M types in the United States and Europe. In contrast to the United States and Europe, Asian countries show marked diversity of emm genotypes [20, 21] . Countries such as India, Brazil, Nepal, and Australia are unlikely to benefit from the 26-valent vaccine because of this diversity [22] . Also, tailoring a vaccine for these countries will be costly and with doubtful benefits, since non-vaccine strains may colonize the vaccinated population and alter the epidemiology within a few years.
To conclude, a high prevalence of macrolide and tetracycline resistance along with marked emm-type diversity was observed in Indian GAS isolates. There was no clear association between exotoxin production and disease severity of beta-hemolytic streptococcal infections.
